Background: Within the next 30 years, the number of visits older adults will make to emergency departments (EDs) is expected to double from 16 million, or 14% of all visits, to 34 million and comprise nearly a quarter of all visits.
INTRODUCTION
Within the next 30 years, the number of visits older adults will make to emergency departments (EDs) is expected to double from 16 million, or 14% of all visits, to 34 million and comprise nearly a quarter of all visits.
are at increased risk for functional decline and medical complications, poorer management of pain and health-related quality of life and repeat ED visits. [3] [4] [5] [6] [7] With the aging of the population will come a surge in the number of older adults with cognitive impairment. [8] [9] [10] Approximately 26% to 40% of older adults who visit the ED have some form of cognitive impairment. [11] [12] [13] [14] Among this group of patients found to be cognitively impaired in the ED, 80% have no prior history of dementia. 11, 15 The Society of Academic Emergency Medicine (SAEM) Geriatric Task Force named cognitive assessment as one of the three major gaps in quality of care for geriatric patients. 16 Long wait times, treatment in noisy and congested hallways, and the lack of daylight all may influence the onset and level of cognitive impairment when elderly patients present in the ED. 17 Because these exposures are more common during peak times, it seems logical that ED crowding may affect the presence of cognitive impairment in older adults.
Screening for cognitive impairment using long, detailed assessment scales, such as the Mini Mental State Examination (MMSE), is not practical in the ED because of limited time and competing demands. Alternatives include shorter scales, such as the Six-Item Screen (SIS). 18 The SIS is a brief scale that assesses orientation and recall. When compared to the MMSE, the SIS was found to be sensitive in detecting cognitive impairment in the ED (defined as MMSE<23); however, the sensitivity was lower than when the instrument was applied outside of the ED. 2 This is most likely due to the fact that the SIS only assesses temporal orientation (day, month, year) and recall (three items). Adding the clockdrawing task (CLOX) to test executive function offers a more comprehensive approach to screening for cognitive impairment. The CLOX1 is simple, easy to administer and has been used with older adults. [19] [20] [21] Knowledge of impairment in patients' orientation, recall or executive function is clinically important in the ED because deficits in one or more areas may impair patients' ability to provide an accurate medical history or medication list. Such deficits also negatively influence patients' ability to understand and follow discharge instructions. 2, 22 To the best of our knowledge, no published studies have assessed using two tools (SIS and CLOX) to identify older adults with cognitive impairment in the ED.
The objectives of this study were to determine prevalence rates of cognitive impairment using the SIS and the CLOX1 and to identify associations, if any, between environmental factors unique to the ED and rates of cognitive impairment.
METHODS

Study Design
A cross-sectional, observational study of older adults admitted to the ED of a large, urban, tertiary academic health center was conducted to: identify rates of impairment among older adults; and identify relationships, if any, between ED environmental factors and presence of cognitive impairment.
Study Setting and Population
The ED at this academic health center contains 39 treatment beds with 25 private rooms and 14 hallway treatment areas. During the study period, the annual ED census was approximately 57,000 visits by adult patients, approximately 11.9% are >64 years of age.
Selection of Participants
Patients who presented to the ED between September 6, 2007, and May 1, 2008, were screened for cognitive impairment if they spoke English, were 65 years or older, lived within a 30-mile radius of the ED in the state of Pennsylvania, and lived independently (i.e., not in a nursing home). Patients were excluded from being screened for cognitive impairment if they had an end-stage disease with prognosis of six months or less, cancer diagnosis with active treatment, known alcohol or drug abuse, history of neurological disease (e.g., cerebral vascular accident with residual effects, multiple sclerosis, etc.), a previous medical history of dementia or delirium, or resided in a nursing home. These eligibility criteria and screening process presented here were established for a National Institutes of Healthfunded large scale study (NIH/NIA R01-AG 023116). 23 These analyses are part of this larger patient screening effort for eligibility. The exclusion criteria were selected because these conditions are likely to have cognitive impairment that would already be known prior to our assessment. All patients who met the inclusion criteria and were present in the ED between 7am and midnight, were approached by a trained research assistant in the ED who explained the screening and obtained verbal consent to be screened. This study was approved by Local Institutional Review Board.
Methods of Measurement
We assessed cognitive impairment using two validated screening tools: the SIS and CLOX1. 2, 18, 19 SIS is a brief and reliable scale designed to identify subjects with deficits in orientation and recall. 18 The patient is asked three temporal orientation questions (day of the week, month, year) and three recall items (hat, car, tree). Each correct answer is given a point towards a summed score (range: 0-6). The SIS has been used in the ED and with older adults as a screen to identify cognitive impairment among potential older adult research subjects. 2, 18 Patients with greater than two errors on the SIS were considered impaired. Patients who made fewer than two errors on the SIS were asked to complete a CLOX.The CLOX1 was chosen to assess for executive function impairments. Scores range from 0-15 in this subscale of the larger CLOX, 19 with scores ≤10 indicating deficits in executive functioning. The CLOX1 tests executive control function and is strongly associated with cognitive test scores. 20 The executive control functions are cognitive processes that coordinate simple ideas and actions into complex goal-directed behaviors. Examples include goal selection, motor planning sequencing, selective attention, and the self-monitoring of one's current action plan. All are required for successful clock drawing. Together the SIS and CLOX1 take under five minutes to complete, and each is associated with severity of cognitive impairment. 18, 19 Patients were considered to have cognitive impairment deficits if they scored ≤4 on the SIS or ≤10 on the CLOX1.
Several ED specific environmental variables were documented by research assistants on a standardized data collection form. Patient triage time, "in-room" (or hallway) time, total patient-care hours (a sum of all the hours for all patients currently in the ED), number of admitted patients (number of patients who are admitted to the hospital but currently boarding in the ED), waiting room number (number of patients in waiting room) and triage level were queried from EMTRAC (Hospital of the University of Pennsylvania, Philadelphia, PA), a computerized patient tracking and charting system, and recorded in real time on each study form. We calculated total minutes waiting in triage by subtracting triage time from "in-room" time for each patient. Triage level is a nurse-assessed four-point scale (1-4) based on the urgency of the ED patient's complaint, where "1" signified most emergent cases and "4" signified least urgent. Patient demographic information (race, gender, age), location of screening (hallway or private room), and if the patient was admitted or discharged to the hospital were also collected for each patient.
Outcome measures
There were two primary outcomes for this study. The first was to assess the prevalence of cognitive impairment among older adults visiting the ED, using the SIS and CLOX1. The second was to examine the relationship between cognitive impairment assessment (screened positive for cognitive impairment on either SIS or CLOX1 versus no impairment) and various patient and ED characteristics and to identify which environmental factors, if any, are associated with the assessment of cognitive impairment in the ED for older adults.
Primary Data Analysis
Data are reported as frequencies and percentages for categorical data, and as means ± standard deviation and range for continuous variables. Among patients with multiple ED visits during the study period, only data from one of the patients' visits were used in our analyses.
We used a generalized linear model with a log link, Gaussian error, and robust estimates of the standard errors of the model coefficients to calculate relative risk (RR). We controlled for several patient-specific characteristics (age, sex, race [black] , whether the patient was admitted to the hospital, time of day triaged at ED [7AM-3PM, 3PM-11PM, 11PM-7AM]), and ED characteristics (triage class [as an indicator variable compared to the most severe triage score], waiting time, crowding, location of interview [private room]) in a final model. We determined the list of confounders a priori. To control for the affect of all a priori confounders all were included in a final model; no stepwise techniques were used to select variables. Given the large number of outcomes, the study was adequately powered for multivariable analysis. We used the Bonferroni correction of n=14 to adjust for covariates because of the multiple statistical tests performed on the data. Based on this, a probability of <0.003 was considered statistically significant.
Data for these analyses are presented as relative risks Figure 1 . Patient participation ** There were 126 unique patients screened a total of 144 times; 114 patients had one additional screen, nine patients had two additional, one patient had three additional screens, one patient had four additional screens, and one patient had six additional screens.
with 95% confidence intervals. We performed all analyses using Stata statistical software (Version 10, Stata Corporation, College Station, TX).
RESULTS
Characteristics of Study Subjects
Between September 6, 2007, and May 1, 2008, 1,095 patients were admitted to the study and were approached by the research assistants, of whom 266 were subsequently excluded (Figure 1) . Of the remaining 829, patients were predominantly black (67.5%) and female (65.1%). Patients ranged from 65 to 105 years old (mean age: 75.7± 7.1 standard deviation). See Table 1 .
The prevalence of cognitive impairment assessed using the SIS and CLOX1 is summarized in Table 2 . A total of 42% percent (350/829) presented with deficits in orientation and recall. An additional 36% (297/829; 62% of patients [297/479] visiting the ED who passed the SIS) had deficits in executive function. None of these patients had a documented history of dementia or other cognitive impairment noted at the ED visit. Table 3 shows the results from the multivariate analysis. The adjusted analyses for screening positive using the SIS and the subsample that were screened using the CLOX1 showed that only patient demographics were significantly associated with screening positive for cognitive impairment in the ED. Specifically patients were more likely to screen positive for cognitive impairment using the SIS if they were 85 years or older (RR 1.63, p<0.001), black (RR 1.85, p<0.001) and male (RR 1.42, p<0.001). Interestingly, only age was significantly associated with screening positive for cognitive impairment in the ED using the CLOX1 (75-84 years: RR 1.35, p<0.001; 85+ years: RR 1.69, p<0.001). Race and gender were no longer significant in the full model when using the CLOX1 to assess for deficits in executive functioning with this clockdrawing task. Time of day triaged, number of people in the waiting room, number of admitted patients, total patient hours, being screened in a private room, and the admission status of the patient were not associated with screening positive for cognitive impairment in the ED in either of the full models.
DISCUSSION
This study explored whether the SIS and CLOX1, executive clock-drawing task, can be used in the ED to easily assess and identify possible cognitive impairment among older adults. A high proportion of patients presented to the ED with deficits in orientation and recall (42%) and among those elders who passed the SIS, 36% had executive-functioning deficits. Only demographics (age, race, and gender) were significantly associated with screening positive for cognitive impairment in the ED. None of the environmental factors assessed were significant in the adjusted model. These results have four major implications. First, a substantial number patients age 65 and older admitted to the ED present with impairments in orientation, recall and/or executive functioning. Our findings with respect to deficits in orientation and recall are consistent with those other studies that have reported between 26% and 40% of all ED elders have some form of cognitive impairment. 2, 15 These studies included people with dementia as well as delirium. This tool is short and easy to administer, allowing for a quick and reliable way of assessing deficits in orientation and recall, which may affect a patient's ability to provide reliable selfreport of symptoms and medications, as well as influence a patient's ability to remember instructions post discharge from the ED. With respect to the assessment of executive function, there has been only one study to our knowledge that has used CLOX1 as part of a cognitive assessment in the ED. 14 The tool used in that study did not score this task in as much detail to determine the level of impairment in executive functioning and was part of a tool that had a three-item recall (Mini-Cog). 24 The clock-drawing task identified an additional 36% of older patients seen who have deficits in executive function with few or no deficits in orientation and recall (SIS >4). These results highlight the fact that although a similar proportion of older adults being seen in the ED have deficits in orientation and recall, a subset of older adults being seen in the ED have significant deficits in executive function. Together these two tools can be used to assess and document cognitive impairment in older adults in the ED, as was recommended by the SAEM Geriatric Task Force as a quality indicator. 16 Using both tools can provide a more comprehensive snapshot of the patient's cognitive status at admission to the ED.
Second, being male in our sample was significantly associated with positive screens for cognitive impairment using the SIS. This is an interesting finding since women are more likely than men to have Alzheimer's disease or other types of dementia. 8 However, this is due to women living longer. 25 Yet in our data, after controlling for age and race, being male was still a significant predictor to screening positive for cognitive impairment in the ED using the SIS. The age group 75-84 years was not a significant predictor of screening positive on the SIS based on our Bonferroni correction (p≤0.003). However, it is worth noting that the p-value was 0.006 and rejecting this as a significant predictor may be a Type II error. Future research assessing gender differences using the SIS as a screening tool for research subjects in the ED is needed.
Third, being black in this sample was also a predictor of screening positive for cognitive impairment using the SIS. Other researchers have found that racial differences do not persist when age, gender, education and comorbid conditions are included in the analyses. [25] [26] [27] [28] It is possible that comorbid conditions and educational level may confound this association, but we did not collect that data.
Finally, this is the first study known by the authors to have controlled for no ED-specific environmental variables (e.g., crowding, time of triage, triage class, location of screening, wait time, etc.) in relation to screening cognitive impairment. The finding that only patient demographics were significant predictors of cognitive impairment while no ED-specific environmental variables supports the use of assessment tools such as the SIS and CLOX1 in the ED. Future research over the length of an ED stay to confirm that these environmental factors are not associated with the assessment of cognitive impairment is needed.
LIMITATIONS
There are a number of limitations to this study. First, we did not assess changes in impairment over time, which may occur with prolonged ED stays or though progression of disease. We found no association between ED crowding and cognitive impairment, which may be because patients were approached early in their ED visit and may not have had sufficient exposure to be injured by the crowded environment.
Second, screening of patients was limited to 7AM to midnight; therefore, elderly patients triaged between midnight and 7AM were missed. However this is <10% of this population that present to the ED during midnight to 7AM. Third, delirium was not formally assessed using a separate tool such as the Confusion Assessment Method. 29 It is possible that some elders who screened positive on either scale were in fact experiencing delirium at the time of the screening. Other researchers have reported that approximately 7-10% of patients screen positive for delirium in the ED. 11, 15 However, the research previously published using the SIS in the ED did not differentiate delirium and other types of cognitive impairment stating, "A hallmark of the diagnosis of delirium is recognizing that impairment of memory and orientation exists." 14, 22 Overall, the use of assessment tools, such as the SIS and CLOX1, support the SAEM Geriatric Taskforce recommendation that rapid and objective assessment and documentation of cognition in older adults in the ED as a quality indicator.
Finally, we were limited in that the assessment was only conducted in the ED. Impairment may develop or recede later if patients are screened after admission to the hospital. Future studies should include a follow-up assessment of cognitive impairment to determine changes over time and specific assessment for other types of impairments, such as delirium. Finally, the generalizability of the results may be limited due to this study being conducted at only one academic urban ED and the high proportion of black study members.
CONCLUSION
These findings suggest that a high proportion of elders are either admitted to the hospital from the ED or are being discharged from the hospital with cognitive deficits, specifically loss of executive function. The SIS assessment of orientation and recall coupled with a clock-drawing task can be used in the ED to easily assess cognition. These two tools (SIS and CLOX1) provide a rapid and simple method for assessing and documenting cognition when lengthier assessment tools are not feasible and add to the literature on the use of these tools in the ED. Further research assessing the impact of using these brief cognitive screens on the course of treatment (i.e., in ED, during hospitalization, and post discharge follow up assessments) and potential implication for quality improvement is needed.
